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Test Objective
In addition, the National Wind Technology Center (NWTC) at the National Renewable Energy Laboratory (NREL) conducted this test in accordance with its quality system procedures; so that the final test report will meet the full requirements for accreditation by A2LA. NREL's quality system requires that all applicable requirements specified by A2LA and ISO/IEC 17025 be met or to note any exceptions in the test report.
Test Summary
Figure 1 provides a summary of the power performance test results. These results are normalized to sealevel air density.
This test was begun on 12 October 2011, and ended on 4 February 2012. During that time, 741 hours of valid data were collected. The highest bin filled was the 19 meters per second (m/s) bin. According to the standard, enough data was collected to construct a complete power curve. 
Test Turbine Configuration
The test turbine was a horizontal-axis, three-bladed, upwind wind turbine. Table 1 provides the key details on the test turbine. Figure 2 shows the test turbine and Figure 3 shows an electrical schematic of the turbine installation. See Table 2 Blade make, type, serial number Viryd proprietary design, serial numbers not provided Description of control system (device and software version)
Proprietary -PCB NREL confirmed the rotor diameter by independent measurement. Small shims were inserted between the hub plate and the blade root, pitching the leading edge of the blades into the wind. The pitch angle of each blade with respect to the hub plate was measured and given below. 
Test Site Description
The turbine is located at test site 3.3a of the NWTC, approximately 8 miles south of Boulder, Colorado. Figure 4 and Figure 5 show the turbine and meteorological (met) tower locations. These figures also show nearby obstructions and topographical features of the site. Table 3 shows the terrain assessment completed according to Annex B of the standard. The terrain meets the requirements of the standard, thus, no site calibration was required. Figure 4 and Table 4 show the neighboring turbines and obstacles. Based on these criteria, the measurement sector for the power performance was determined to be 211−38°. Pictures of the test site taken from hub height are included in Appendix A.
The turbine is connected to a 240-volt (V) panel, where a 240−480-V and 480-V−13.2-kilovolt (kV) transformer is connected to a 13.2-kV grid. Grid tolerances are 1% for frequency and 5% for voltage. 
Test Instrumentation
The data channels that were collected by the data acquisition system are listed in Table 5 . For all sensors in-field, end-to-end checks were performed to verify proper installation. Figure 6 shows a photograph of the met tower and the instruments used for the power performance test. The cross boom with the wind vane is approximately perpendicular to the predominant wind direction. Air temperature is measured in a radiation shield that is mounted off the met tower.
An in-situ comparison was performed on the anemometers. The results are given in Table 6 and show that the anemometer maintained its calibration over the test period as the maximum square sum of the systemic deviation and standard uncertainty is less than 0.1 m/s. 
Measurement Procedure
One-minute statistics were stored for all channels.
Data was removed for:
1. Any obvious problems with the data acquisition system (DAS) (such as dropouts, flat lined, or maintenance)
2. Wind outside the measurement sector 3. Observations of icing on the blades or anemometer impacted by icing 4. The 1-minute maximum of the turbine fault LED voltage being at or above 5% of its high (faulted) value. This criterion was chosen because the LED blinks in different patterns and duty cycles during various fault conditions.
5. Known faults within turbine hardware including an inoperable control system power supply and a broken turbine anemometer.
NREL kept a logbook; a copy is available upon request. No special maintenance activities that could impact the power performance test (such as blade washing) were observed by or reported to NREL.
Results
This test began on October 12, 2011, and ended on February 4, 2012. During that time, 741 hours of available data was collected. The highest bin filled was the 19 m/s bin. According to the standard, enough data was collected to construct a complete power curve. Because no cut-out hysteresis was observed, only database A was reported.
Tabular Results of Power Performance Test
The tabular results are provided below for sea-level and site-average densities. The measured average air density was 1.026 kg/m 3 , which, when rounded to the nearest 0.05 kg/m 3 , is 1.05kg/m 3 . 
Graphical Results
Graphical results for power curve, power coefficient, and turbulence intensity are given below. The scatter plot below shows the mean, standard deviation, minimum, and maximum power for the 1-minute data points for database A. The large negative values for the minima are caused by the turbine motoring the rotor upon start up. Initially the power transducer was set up for a minimum power level of -12 kilowatts (kW). As the power transducer railed, the setting was changed to allow a minimum power reading of -24 kW. After this change, the power transducer still railed. High-speed measurements showed that the power draw peak was very short in duration and there was a negligible effect on the 1-minute average power values and thus the power curve and AEP calculations. The power transducer limits were left unchanged to avoid sacrificing resolution. 
Uncertainty
The uncertainty analysis was performed in accordance with the standard. The Type A uncertainty in each wind speed bin is based on the standard deviation of the power values in the bin (Section E.4 of the Standard). The Type B uncertainties are related to the uncertainties in the instrumentation and terrain. The Type B uncertainty reported above was based on the values listed in Table 11 . The Type A and Type B uncertainty are combined to get the combined standard uncertainty. 
Exceptions
Exceptions to Standard
The power transducer rails at -24 kW when the turbine motors the rotor upon start up. High-speed data showed no significant impact on the 1-minute average values.
Exceptions to NWTC Quality Assurance System
None
